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The Weather Project forms part of an overall Radio Systems Development
Project which seeks to optimize the spacecraft-to-ground communications link.
Statistical correlations of weather and communications capability at X- and
K-bands are needed to provide practical predictions of link performance. Thus
the objective of the Weather Project is the statistical prediction of the performance
of the DSN at X-band and, in the future, at K-band. A previous article discussed
the general approach of the Weather Project, the measurements, calibrations,
equipment, and methods. Problems encountered were also discussed as well as
proposed future work. This article reports on a preliminary analysis of the Weather
Project data for calendar year 1971. These results are presented in tabular form.
Cumulative frequency distributions of percentages of excess system temperature
are tabulated as a function of time (whole year and quarterly periods) and of
antenna elevation angle (four elevation ranges and all elevation angles). Aver-
ages, standard deviations, and confidence limits are tabulated, and the experi-
mental results are compared with the data from a theoretical study based on
estimated and observed cloud cover effects.

l. Introduction

The Weather Project forms part of an overall Radio
Systems Development Project which seeks to optimize
the spacecraft-to-ground communications link. Statistical
correlations of weather and communications capability
at X- and K-bands are needed to provide practical pre-
dictions of link performance. Thus the objective of the
Weather Project is the statistical prediction of the per-
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formance of the DSN at X-band and, in the future, at
K-band. A previous article (Ref. 1) discussed the general
approach of the Weather Project, the measurements,
calibrations, equipment, and methods. Problems encoun-
tered were also discussed as well as proposed future
work. This article reports on a preliminary analysis of
the Weather Project data for calendar year 1971. These
results are presented in tabular form. Cumulative fre-
quency distributions of percentages of excess system
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temperature are tabulated as a function of time (whole
year and quarterly periods) and of antenna elevation
angle (four elevation ranges and all elevation angles).
Averages, standard deviations, and confidence limits are
tabulated, and the experimental results are compared
with the data from a theoretical study (Ref. 2) based on
estimated and observed cloud cover effects.

ll. Discussion of the Tables

The results for calendar year 1971 are presented in
tabular form. Table 1 is a cumulative frequency distribu-
tion of percentages of excess system temperature due to
atmospheric conditions and other unknowns as a function

of antenna elevation angle. The excess system tempera--

tures have been divided into increments of 10 K. Four
antenna elevation angle ranges have been considered:
6 to 14.99, 15 to 24.99, 25 to 44.99, and 45 to 90 deg. The
table consists of percentages of time that the excess
system temperature was less than the nominal magnitude
for the various antenna elevation angles. Thus for 88.4
percent of the time that the antenna’s elevation angle
was in the range 6 to 15 deg, the excess system tempera-
ture was under 10 K. The column on the right lists
percentages for all elevation angles.

The frequency distribution shown in Table 1 is for the
whole of calendar year 1971. The table lists percentages
of time, in each antenna elevation angle range, that the
excess system temperature was less than the value given
in the left-hand column. Tables 2 through 5 are similar
tables for quarterly periods. Table 4, for example, is the
frequency distribution for June through August 1971.

The total number of minutes of good data recorded
in each category is listed at the bottom of each of the
above tables. In Table 1, for example, which refers to
the whole of calendar year 1971, the total number of
minutes of good data recorded is listed as 172,000 out of
a possible 529,000 minutes. This means that good data
were obtained for only 33% of the year. The reasons for
missing or bad data are several. Data were lost when
scheduled X-band radio science experiments were car-
ried out, or when the X-band system was undergoing
frequency changes, development or diagnostic work, or
when equipment failed. The unusable or “bad” data were
recorded when the X-band system suffered from S-band
transmitter fourth harmonic interference, noise burst
interference, or when calibration was lost due to equip-
ment or operator error, etc.
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The usable or “good” data, however, are also subject
to some error. The most common sources of error in the
good data are inaccuracies in the scale calibrations due
to drifts in the equipment and an insufficiently deter-
mined fair weather baseline. These sources of error are
being investigated.

Table 6 shows averages, standard deviations, and con-
fidence intervals on measured excess system temperatures
for the whole year and for the year divided into separate
quarters. In each period the data have been divided into
the same antenna elevation intervals as in the previous
tables. The results have been computed taking one data
point per minute of recorded data. The mean values of
the excess system noise temperature for the various pe-
riods and elevation angles are shown in the second
column. The next column lists the standard deviation of
the data. This column shows that there is a considerable
spread in the data, particularly at low elevation angles
and for the winter months. The next two columns list
the 95 and 50% confidence intervals, computed from the
measured data, on the mean values of the excess system
temperatures. These confidence intervals were calculated
assuming all errors are random and neglected the effects
of any bias in any of the measurements. Bias errors
would degrade the calculations by widening the intervals
for a fixed confidence. Hence, neglecting bias errors and
assuming the same conditions held for next year (same
equipment, same weather, etc.), one would expect to
obtain a mean excess near 5.6 K with a probability of
about 0.95.

The mean value can be calculated with good resolu-
tion since one data point per minute is recorded and
used in the calculations; hence N, the total number of
data points, is large. The sample mean converges fairly
rapidly, approximately as ¢/\/N, where ¢ is the standard
deviation of the data. The sample mean converges as
o/\/N if the data are gaussian distributed, which is only
approximately true in this case.

Tables 7 and 8 are a comparison between experimental
and calculated data for 0.90 and 0.99 probability condi-
tions. The experimental data are the frequency distribu-
tion tables of excess system noise temperatures, Tables 1
through 5, and the calculated results are based on a
theoretical study of cloud cover (Ref. 2). The agreement
is not good at 0.99 probability but is somewhat better
at 0.90 probability. There are several possible reasons for
this. The theoretical study was based on observed and
estimated cloud cover of the Goldstone area for a time
period of a few years prior to the start of the Weather
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Project. One would expect that as the elevation angle of
the antenna is lowered, the probability of a cloud inter-
cepting the beam of the antenna would increase, resulting
in a higher expected noise temperature. Hence the cal-
culated results show a steady increase in excess system
temperature with decrease in elevation angle.

The statistics from the experimental data are a little
more uneven. The experimental results include all ele-
ments that affect the system noise temperature such as
clouds, rain, snow, and all the effects and errors not
related to the atmosphere and described above. Further-
more, the 0.99 probability level is extremely sensitive to
the actual data. Roundoff errors, the choice of antenna
elevation channel size, and in some cases such as low
elevation angles, the relatively few data points all lead
to these uneven results. The 0.90 probability level should
be more reliable since a fairly large amount of data falls
above the 0.90 probability level.

It must be noted that:

(1) Measured results are based on one year of data
only. It is not possible to derive meaningful sta-
tistics from one year of recorded data.

(2) The calculated values are based on cloud cover
only, whereas the measured values are for all at-
mospheric effects.

(3) For the measured results the underlying data are
only approximately gaussian distributed (as indi-
cated by a test for normality), and therefore the
use of confidence intervals is suspect.

(4) More measured data are required before meaning-
ful statistics can be deduced.

(5) A more accurate baseline must be determined.
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Table 1. Cumulative percentage probabilities of excess
systern temperature for CY 1971

Excess
system Range of antenna elevation angle, deg
tempera-
ture
less than, 6-15 15-25 25-45 45-90 6-90
K
10 88.4 94.4 95.3 97.1 96.3
20 91.1 96.1 96.6 97.8 97.2
30 93.1 96.4 97.2 98.2 97.7
40 94.8 96.7 97.6 98.4 98.0
50 95.3 96.7 97.8 98.5 98.2
60 96.6 97.0 98.0 98.5 98.3
70 96.6 97.3 98.3 98.6 98.4
80 97.0 97.6 98.4 98.7 98.5
90 97.0 97.9 98.5 98.9 98.7
100 97.0 98.2 98.8 99.2 99.0
110 97.0 98.2 98.8 99.3 99.1
120 97.0 98.7 98.9 99.3 99.2
130 97.8 99.0 99.2 99.4 99.4
140 97.8 99.3 99.4 99.4 99.5
150 98.6 99.6 99.5 99.4 99.6
160 98.6 99.9 99.6 99.4 99.7
170 99.0 99.9 99.6 99.5 99.8
180 99.0 100.0 99.8 99.6 99.9
190 99.4 100.0 100.0 99.7 100.0
200 99.4 100.0 100.0 100.0 100.0
210 99.8 100.0 100.0 100.0 100.0
220 99.8 100.0 100.0 100.0 100.0
270 100.0 100.0 100.0 100.0 100.0

Antenna elevation angle was:

6-15 deg 4.61% of the time.
15-25 deg 6.40% of the time.
25-45 deg 16.75% of the time.
45-90 deg 72.24% of the time.

Total number of minutes of good data recorded was 172,000
out of a possible 529,000 minutes.
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Table 2. Cumulative percentage distribution of excess system

temperature for CY 1971 (December, January, February)

Excess
system Range of antenna elevation angles, deg
tempera-
ture
less than, 6-15 15-25 25-45 45-90 6-90
K
10 77.2 92.6 92,7 90.4 89.6
20 82.6 92.6 93.5 91.1 90.8
30 88.0 92.6 94.3 92.9 92.7
40 92.0 92.6 94.3 93.9 93.8
50 93.3 92.6 94.3 94.6 94 .4
60 96.0 92.6 94.3 95.0 95.0
70 96.0 92.6 94.83 96.0 95.7
80 97.3 95.1 94.3 96.3 96.1
90 97.3 97.6 94.9 96.5 96.5
100 97.3 100.0 96.6 97.5 97.6
110 97.3 100.0 96.6 97.9 97.9
130 100.0 100.0 96.6 98.1 98.3
150 100.0 100.0 97.1 98.1 98.4
160 100.0 100.0 97.9 98.1 98.5
180 100.0 100.0 99.4 98.1 98.8
190 100.0 100.0 100.0 98.5 99.2
200 100.0 100.0 100.0 99.4 99.8
210 100.0 100.0 100.0 100.0 100.0

Antenna elevation angle was:

6-15 deg 10.25% of the time.
15-25 deg 5.59% of the time.
25-45 deg 17.92% of the time.
45-90 deg 66.24% of the time.

Total number of minutes of good data recorded was 21,830 of
a possible 129,750 minutes.
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Table 3. Cumulative percentage distribution of excess system

temperature for CY 1971 (March, April, May)

Excess
system Range of antenna elevation angles, deg
tempera-
ture
less than,  6-15 15-25 25-45 45-90 6-90
X
10 98.4 98.2 99.5 99.3 99.3
20 100.0 100.0 100.0 99.8 99.8
30 100.0 100.0 100.0 100.0 100.0
40 100.0 100.0 100.0 100.0 100.0

Antenna angle was:

6-15 deg 2.13% of the time.
15-25 deg 2.71% of the time.
25-45 deg 11.52% of the time.
45-90 deg 83.63% of the time.

Total number of minutes of good data recorded was 43,345 out
of a possible 133,400 minutes.
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Table 4. Cumulative percentage distribution of excess system
temperature for CY 1971 (June, July, August)

Excess
system Range of antenna elevation angles, deg
tempera-
ture
less than, 6-15 15-25 25-45 45-90 6-90
X
10 80.5 93.1 92.4 92.9 92.3
20 83.9 93.1 92.5 94.9 93.9
30 86.6 93.1 92.5 95.2 94.2
40 86.6 93.1 94.7 95.4 94.7
50 87.2 93.1 95.8 95.6 95.1
60 87.2 93.1 95.8 95.6 95.1
70 87.2 93.1 96.3 95.6 95.2
80 87.2 93.1 96.3 95.8 95.4
90 87.2 93.1 96.3 96.6 96.0
100 87.2 93.1 96.8 97.3 96.6
110 87.2 93.1 96.8 97.5 96.8
120 87.2 95.1 97.3 97.6 97.1
130 87.2 96.1 98.9 97.8 97.6
140 87.2 97.1 100.0 98.0 98.0
150 914 98.1 100.0 98.1 98.3
160 91.4 99.1 100.0 98.3 98.6
170 93.5 99.1 100.0 98.9 99.1
180 93.5 100.0 100.0 99.4 99.5
190 95.6 100.0 100.0 99.5 99.7
210 97.7 100.0 100.0 99.5 99.8
220 97.7 100.0 100.0 100.0 99.9
270 100.0 100.0 100.0 100.0 100.0

Antenna elevation angle was:

6-15 deg 4.07% of the time.
15-25 deg 8.69% of the time.
2545 deg 16.0% of the time.
45-90 deg 71.23% of the time.

Total number of minutes of good data recorded was 34,866 out
of a possible 132,900 minutes.
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Table 5. Cumulative percentage distribution of excess system
temperature for CY 1971 (September, October, November)

Excess
system Range of antenna elevation angles, deg
tempera-
ture
less than, 6-15 15-25 25-45 45-90 6-90
K
10 96.4 94.9 95.7 99.6 98.2
20 97.3 97.9 98.0 99.7 99.0
30 97.3 98.4 99.0 100.0 99.5
40 98.6 98.9 99.0 100.0 99.6
50 98.6 98.9 99.0 100.0 99.6
60 100.0 99.4 99.4 100.0 99.8
70 100.0 100.0 99.7 100.0 100.0
80 100.0 100.0 100.0 100.0 100.0
90 100.0 100.0 100.0 100.0 100.0
100 100.0 100.0 100.0 100.0 100.0
110 100.0 100.0 100.0 100.0 100.0

Antenna elevation angle was:

6-15 deg 4.65% of the time.
15-25 deg 7.76% of the time.

2545 deg 19.93% of the time.
45-90 deg 67.66% of the time.

Total number of minutes of good data recorded was 71,904 out

of a possible 132,500 minutes.
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Table 6. Averages, standard deviations, and confidence intervals
on excess system temperature for CY 1971

Range of Excess noise Standard 95% 50%
Period anten‘na temperature deviation, confidence level, confidence level,
elevation mean value,
K K K
angles, deg K
6-15 11.0 32.1 *0.71 *0.24
CY 1971 15-25 7.9 21.8 +0.41 +0.14
{ﬁ?o“;‘;}yl 2545 6.4 18.3 +0.21 -0.07
DeE! 45-90 5.6 17.1 +0.10 +0.03
All angles 6.1 18.6 =+0.09 +0.03
6-15 11.6 26.0 *=1.07 =+0.18
December 15-25 7.2 23.6 *1.82 =+0.37
January 25-43 9.8 34.7 =+1.09 +0.46
February 45-90 9.0 31.2 +0.51 =0.37
All angles 9.3 31.0 *0.41 =0.14
6-15 4.0 52 +0.34 +0.12
March 15-25 3.1 5.0 +0.29 +0.10
April 2545 2.1 4.2 +0.12 +0.04
May 45-90 3.9 5.2 =*0.05 =0.02
All angles 3.7 5.1 =+0.05 =+0.02
6-15 30.6 63.0 +3.30 *=1.13
June 15-25 15.5 35.5 +1.26 +0.44
July 25-45 11.6 24.9 +0.65 *0.22
August 45-90 11.6 27.3 *0.34 +0.12
All angles 12.7 30.3 +0.32 +0.11
6-15 4.2 9.1 +0.31 =0.11
September 15-25 5.0 8.9 +0.23 =+0.08
October 25-45 4.9 8.6 +0.14 *0.05
November 45-90 2.7 47 +0.04 7+0.01
All angles 3.4 6.4 =+0.05 =+0.02
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Table 7. Comparison of cumulative probabilities derived from
calculated and measured results for 0.99 probability conditions
(Probability of 0.99 excess noise temperatures
will be less than value tabulated)

Period Elevation Calculated Measured
angle, deg results, K results, K
CY 1971 6-15 75 170
January 15-25 40 130
through 25-45 25 123
December 45-90 17 93
6-15 110 116
})ece:‘ber 15-25 60 96
F"“L“ 2 25-45 40 167
ebruary 45-90 25 195
6-15 45 53
%epttebmber 15-25 25 52
NC © e‘l‘) 25-45 18 30
ovember 45-90 14 <10

Table 8. Comparison of cumulative probabilities derived from
calculated and measured results for 0.90 probability conditions
(Probability of 0.90 excess noise temperatures
will be less than value tabulated)

Period Elevation Calculated Measured

ero angle, deg results, K results, K
CY 1971 6-15 35 16
January 15-25 18 < 10
through 25-45 10 < 10
December 45-90 6 < 10
6-15 50 35
})ecembe’ 15-25 25 <10
Fa‘;)“ary 25-45 15 < 10
ebruary 45-90 9 <10
Septemb 6-15 25 < 10
O‘*C‘:O‘;‘:r e 15-25 12 < 10
November 25-45 7 < 10
¢ 45-90 4 <10
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